This overview is an attempt to throw a fresh look at the popular free radical theory of aging (referred to also as oxidative stress theory) which holds that the progressive decline in physiological functions is a result of accumulation of diverse deleterious changes caused by reactive oxygen species (ROS). We discuss the role of mitochondria as a major source of ROS in the cell and how these link accumulation of oxidative damage to the age-related changes in physiologic functions. The free radical theory of aging is analysed here from two different views of aging -one (the pessimistic view) that regards aging as the inevitable result of life activity the consequences of which are accumulation of errors in the genome and damage of the biomolecules, and the other (the optimistic view) which considers that it is the changes in mitochondrial pathways of apoptosis with age that cause the functional tissue changes and aging. We also discuss the possibility of delaying the aging process by appropriate diet or drug therapy, which includes also calorie restriction as a mechanism of modifying the generation of free radicals and body metabolism and thus extending lifespan as a result.
INTRODUCTION
Aging and its prevention have been arousing scientists' interest since ancient times. Two major views on aging were held by scientifi c community as early as in the 19th century -an optimistic and a pessimistic one. 1 The optimistic one regards aging as the fi nal stage of our ontogenetic program and as such it can be controlled and switched off. The other view, the pessimistic one, considers aging to be an inevitable result of the functioning of a complex living system, with the consequences of accumulating errors and damaging its biomolecules. The latter view implies that there are essentially no possibilities of interfering and delaying the aging process: human body can be compared to a car which would inevitably break down. This has been until recently the dominant view among scientists, a view which a priori rejected any reports of individuals living unusually long if they were not defi nitively confi rmed. There is much experimental evidence that gives rise to numerous theories explaining the aging mechanisms in accord with this view. It is only recently that a body of evidence has been accumulated to support the hypothesis of programmed aging and programmed death of man -the phenoptosis 1 , at the very core of which is the programmed cell death (apoptosis). Interestingly, accumulation of reactive oxygen species (ROS) in the cell, which is assumed to be one of the factors responsible for the apoptosis, is at the basis of one of the theories supporting the pessimistic view of aging -the free radical theory of aging, which posits that the progressive decline of physiologic functions of man is a direct result from the accumulation of ROS induced oxidative damage. There have been several surveys in the last 5 years that examine in detail the validity of this evidence. [2] [3] [4] [5] [6] [7] [8] A major source of ROS is known to be the mitochondrial respiratory chain. 9 To a lesser degree, they are produced by some extramitochondrial structures. The present article reviews the role of mitochondria-generated ROS from the perspectives of the two views of aging and the issue of delaying aging using appropriate diet or drug therapy.
Aging is regarded in the pessimistic view as a total decline of the biological functions of an organism over time, leading to increased susceptibility and impaired adaptation to environmental factors. At least ten theories have been propounded to explain aging from this perspective. The processes underlying aging are multifactorial, complex and insuffi ciently studied.
The most widely known theory in this respect is the free radical theory also known as the oxidative stress theory of aging. This theory postulates that the progressive decline in physiological functions is a result of the accumulation of ROS-induced damage. It was originally proposed by Harman in 1956 and belongs to so called nongenetic theories of aging although some elements in it such as the antioxidant enzymes (superoxide dismutase (SOD), catalase, peroxidase) are genetically controlled.
The free radical theory is one of the most attractive theories because some of its aspects can be experimentally demonstrated. It has been repeatedly revised and supplemented. The basic principles this theory is based on are as follows:
FREE RADICALS CAN BE GENERATED IN THE CELLS OF AEROBIC ORGANISMS FROM MOLECULAR OXYGEN
ROS generation is the result of successive transfer of one electron, separately, by the help of the enzyme superoxide dismutase or with participation of Fe 2+ (Fig. 1) .
All other ROS are formed out of these: (1) compounds generated as a result of molecular oxygen reduction: superoxide radical (О 2
• ), hydrogen peroxide (H 2 O 2 ), hydroxyl radical ( • ОН); (2) compounds as a result of the reaction of carbon centered radical with molecular oxygen: peroxide radical (ROO • ), alkoxy radical (RO • ), organic hydroperoxide (ROOH); (3) other oxidants: hypochlorous acid (HOCl), peroxynitrite (OONO -), singlet oxygen ( 1 O 2 ), nitric oxide (NO).
CELLULAR MITOCHONDRIA ARE A MAJOR SOURCE OF ROS Mitochondria, as cellular respiration organelles, contain the greatest amount of reactive enzymes and coenzymes that transfer electrons; they are also constantly in contact with O 2 10 , which might lead to a point in which oxygen is reduced by one electron and a supeoxide anion radical is produced. Mitochondria are a major source of O 2
• ; they are at the core of cellular oxidative stress because they utilize almost 90% of the cellular oxygen, of which around 1-2% is not reduced to water, but rather to O 2
• during the oxidation of the reduced CoQ and with the active participation of cytochrome oxidase. 11 The resulting O 2
• can be oxidized to O 2 or transformed into other ROS. The respiratory chain is the main source of ROS in the mitochondria, although there are several other sources that may be important for ROS generation, such as monoamine oxidase, α-ketoglutarate dehydrogenase, mitochondrial p66(Shc). 12 ROS are also generated by reactions involving the enzymes xanthine oxidase, D-aminooxidase, prolyl-and lisyl oxidase and cytochrome P 450. Approximately 10% to 15% of the oxygen consumed by the cells is used for the extramitochondrial reactions -oxidase, oxygenase and nonenzymatic reactions. The amount of ROS obtained by these paths is small as the cytozole oxygen-consuming enzymes have a smaller O 2 -bonding affi nity than the mitochondrial cytochrome oxidase. In other processes such as phagocytosis in infl ammation NADPH oxidase and myeloperoxidase, as well as cytochrome P 450 monooxygenase system during the intensive metabolism of xenobiotics also release ROS and these can cause oxidation of biomolecules. 
ROS CAN TRIGGER PATHOLOGIC PROCESSES AS A RESULT OF BREAKDOWN OF MAJOR BIOMOLECULES
The cellular damage caused by the action of free radicals is defi ned as oxidative stress. It is the extent of oxidative damage infl icted on a cell that is the determiner whether it will survive, get dysfunctional or die.
Oxidative stress causes abnormalities in the structure of proteins, lipids, and DNA. As a result of the amino groups oxidation, aggregation and fragmentation the protein structure changes which leads to a change in the reactivity of receptors, ion channels, immunomodulators, and the like. Accumulation of carbonyl groups in proteins could lead to inter-and intra-molecular cross-links with other protein amino groups, and therefore to loss of biochemical and physiological function. Oxidative damage to lipids is associated with the peroxidation of polyunsaturated fatty acids (PUFAs), membrane damages and changes in the membrane fl uidity. Lipid peroxidation signifi cantly increases with age. 13 The mechanisms underlying the age-related increase in serum malondialdehyde (MDA) are linked to oxidative damage to PUFAs and accumulation of MDA and other aldehydes. MDA itself, being a reactive aldehyde, is able to cross-link the amino groups of protein side chains, slow protein degradation and alter their turnover. Oxidative damage to DNA occurs throughout the life of a cell, and is seen as changes in the DNA bases, chain disruption, and oxidative changes in the deoxyribose residues of DNA. Induction of damage in the DNA chain promotes p53-dependent cell cycle, leads to inhibition of proliferation and apoptosis. 14 As they have damaging effect on macromolecules, ROS are considered important factors in the mechanisms of such diseases as diabetes, retinopathy, cancer, atherosclerosis, rheumatoid arthritis, Parkinson's disease, schizophrenia, heart attacks, strokes, postresuscitation complications, Alzheimer's disease, as well as in aging. 12, 15, 16 
MITOCHONDRIA LINK THE ROS CAUSED ACCUMULATION OF OXIDATIVE DAMAGE TO THE AGE-RELATED CHANGES IN THE FUNCTIONS
Oxidative damage to mitochondria is considered a leading factor in the mechanism of aging of aerobic organisms. 17 Mitochondria provide the link that relate the accumulation of oxidative damage caused by ROS to the aging associated functional changes. The mitochondrial theory of aging, an extension of the free radical theory of aging, proposes that accumulation of damage to mitochondria, the mitochondrial DNA (mtDNA) and RNA contributes to the process of aging. 18 The mitochondrial production of ROS has been found to increase with age. The mitochondrial DNA is defi cient in intrones, histones or any other DNA proteins; it has long been considered to lack the complex repair mechanism associated with the nuclear DNA and therefore is much more susceptible to oxidative damage which is more extensive, occurs more rapidly and is more persistent than that in the nuclear DNA. 19 In degenerative diseases, 8-hydroxy-deoxyguanosine, a marker of oxidative damage to DNA, increases with age. Mitochondrial DNA mutations escalate with increasing age -this can be seen most prominently in tissues with high energy needs such as lungs, colon, muscles etc; there is an exponential increase of the concentrations of mtDNA adducts and deletions, and mutations accumulate in the mtDNA control regions. 20 Because mtDNA encodes polypeptides involved in electron transport and oxidative phosphorylation, its oxidative damage is associated with reduced ATP synthesis. It has been demonstrated in humans that enzymes from the oxidative phosphorylation in the brain and liver decrease in aging. 21 With age, fi brils lacking cytochrome c oxidase activity accumulate in human skeletal muscles and the concentration of ubiquinone decreases greatly in the mitochondria. 22 The decline of mitochondrial functions affects the neurons the most 23 , as about 70% of their ATP is used to satisfy the needs of the potassium/sodium pump. The basal ganglia and various cortical regions of the brain accumulate the most concentration of altered mtDNA. Clinical damage of brain and muscle tissue is one of the fi rst symptoms of mitochondrial dysfunction.
Mitochondrial membrane lipids and especially the long-chain PUFAs in the composition of the phospholipid cardiolipin are also greatly susceptible to oxidative stress. Cardiolipin affects the activities of adenine nucleotide transporter and cytochrome c oxidase which makes it a very important element for the mitochondrial production of energy. An interesting phenomenon of aging is the accumulation of lipofuscin pigments in some tissues obtained by oxidative polymerization of mitochondrial lipids and proteins. Mitochondrial dysfunctions are at the basis of neurodegenerative diseases associated with aging. 24 In young and adult animals and man an increase in ROS and the secondary products derived from them in myocytes stimulate the redox sensitive signalling pathways, which induces the expression of cytoprotective proteins such as superoxide 36 25 With age all tissues, including skeletal muscles, accumulate molecules with oxidative damage which contributes to loss of tissue homeostasis. It is unclear what the mechanisms are that cause this accumulation of oxidative damage, but there has been gathered much evidence that indicate that the ability of cells to an adaptive response to ROS attenuates with aging. There has been research that suggests that the imbalance in the antioxidative system of mitochondria has a key role in the pathobiochemical involvement of mitochondria in the process of ageing: the decrease of the reduced glutathione and the activity of catalase and Cu, Zn SOD at the expense of the enhanced activity of Mn SOD do not allow complete elimination of the produced free radicals. 18 We may conclude, therefore, that the cumulative oxidative damage to mitochondria leads to functional changes, deprivation of cells from the energy they need for their normal functioning, to aging and death.
THE ROLE OF UNCOUPLING PROTEINS (UCP) IN THE PRO-TECTION AGAINST ROS
The mitochondrial oxidative phosphorylation system links the oxidation of major energy sources in the cytoplasm and mitochondrial matrix to ATP synthesis. This system pumps protons into the intermembrane space to generate transmembrane electrochemical H + gradient (proton-motive force Δp) that provides the energy for ATP synthesis, energy for the transport system importing ADP(3-) and exporting the generated ATP(4-) and the chemical component needed to import oxidisable substrates (glutamate and aspartate) are driven by the proton gradient. Uncoupling is an inherent part of mitochondrial functions: under normal conditions, the gradient protons are used for the synthesis of ATP through their backfl ow to the matrix via the ATP synthase. The passing of H + through protein channels, whereby the energy of the proton gradient is not used for ATP synthesis, is defi ned as a protein-mediated uncoupling. There is growing evidence that the uncoupling proteins play a key role in preventing the deleterious effect of ROS. 26 Any slight increase of the proton backfl ow to the mitochondrial matrix that lowers Δp leads to a reduction in the ROS production. A slight increase of the electron transport and proton fl ow to the matrix shortens the lifetime of ubisemiquinone radical (UQ · ) and leads to lowered oxygen tension in the microenvironment.
The uncoupling proteins UCP1, UCP2, and UCP3 are involved in the feedback regulation, which causes down-regulation of mitochondrial ROS production. Echtay and co-authors think that superoxide radical activates UCP via an unspecifi ed mechanism from the matrix side. 27 The same ability is ascribed to 4-hydroxy-2-nonenal which is the end-product of the lipoperoxidation cascade for ω-6 polyunsaturated fatty acids. Activation of UCP-mediated uncoupling of oxidative phosphorylation by fatty acids hydroxyperoxides and also by other products of lipid peroxidation is an important form of feedback control mechanism leading to suppression of ROS production.
The mitochondrial suppression of ROS production can bring about their depletion in the intracellular and extracellular space. UCP2-mediated uncoupling in endothelial cells can also reduce the extracellular ROS, even these in the low density lipoprotein complexes. It has been shown experimentally in mice with deleted LDL receptors that a high-lipid diet causes a build-up of atherosclerotic plaques if the animals receive bone marrow transplanted from UCP2 (-/-) mice or, conversely, it prevents the formation of these plaques, if they receive bone marrow transplants from UCP2 (+/+) mice. 28 These fi ndings suggests a hypothesis that ROS level or the redox homeostasis in specifi c tissues or even in the whole organism are regulated by the decrease of ROS in the mitochondria where the UCP2-(or UCPn-)-mediated reduction of ROS production takes place and that the primary role of all UCPs is to protect mitochondria, cells and tissues against oxidative injury. Therefore, the ability to regulate uncoupling proteins can be crucial in achieving prolonged lifetime of a specifi c organism.
THE ROLE OF FREE RADICALS IN THE HY-POTHESIS OF PROGRAMMED AGING AND PRO-GRAMMED DEATH OF AN INDIVIDUAL (THE OPTIMISTIC VIEW OF AGING)
The underlying concept of the optimistic view of aging is the same perception that what links the accumulation of oxidative damage induced by ROS to the aging-related changes in the cells is the mitochondria.
SCULACHEV'S VIEW OF MITOPTOSIS
When ROS concentration in mitochondria keeps on increasing despite the multifunctional antioxidant system operating within the cell, the mechanism of the so called mitochondrial suicide is triggered -this came to be known as mitoptosis by analogy with Folia Medica 2013; 55(1): 33-41 © 2013 Medical University Plovdiv apoptosis, the term for programmed cell death. 10 The concept of mitoptosis consider ROS as the main reason for the sequence of events leading to the destruction and elimination of mitochondria. ROS has an oxidative effect on the ATP/ADP antiport protein channel, which turns it into a nonspecifi c channel, pervious also for all sorts of other small molecules (mitochondrial permeability transition pore, mtPTP). The appearance of such nonspecifi c pores in the inner mitochondrial membrane leads to disruption of the osmotic balance between the matrix and the intermembrane space, maintained by that moment basically by the impermeability of the membrane for Cl -and K + . Osmotic pressure is maintained at the expense of only high-molecular compounds that are unable to go through the membrane nonspecifi c channels. Since these are basically matrix proteins, water enters the matrix to equalize pressure. This leads to swelling of the matrix, cristae smoothing and rupture of the outer mitochondrial membrane, which thus turns out to be smaller in area than the unfolded inner mitochondrial membrane. Then comes the fragmentation of mitochondrial reticulum, dissipation of the gradient and the release of the mitochondrial cytochrome c in the cytosol.
Another mechanism preventing the cell from accumulation of damaged mitochondria (and peroxysomes), is the so called autophagy -a highly conservative process in eukaryotes where the cytoplasm, including the unnecessary or damaged organelles, is sequestered in vacuoles with a double layer membrane and the macromolecules are digested lysosomally. It has been found that functioning of this mechanism declines with increasing age and is responsible for limiting the cell and individual lifespan. 29 
ROLE OF MITOCHONDRIA IN APOPTOSIS AND ITS CORRELA-TION WITH AGING
It is clear that mitochondria are organelles with a particularly important role for both life and death of eukaryotic cells. They contain and can release apoptotic proteins -cytochrome c and an apoptosis inducing factor (AIF), the main role in apoptosis being played by the mitochondrial permeability transition pore (mtPTP). There is much experimental evidence that suggests a correlation between mitochondrial activity and apoptosis. 30, 31 Mitochondrial oxidative stress occurs early in apoptosis -before the DNA fragmentation -and may cause mtPTP to open and release the apoptotic proteins. It has been shown in apoptotic fi broblasts that apoptosis decreases the mitochondrial membrane potential and increases the peroxides levels. 32 The common feature of apoptotic cells and cells from old animals is the increased mitochondrial production of peroxides, the glutathione oxidation and oxidation of mtDNA. The changes the mitochondrial pathways of apoptosis undergo with age can be the reason for a change in the tissue functions and aging.
IS ANTI-AGING THERAPY UTOPISTIC?
Both theories of aging we introduced in this article assert that aging is to a great extent dependent on the free radical processes in the mitochondria. With age the mitochondrial functions decline and the mtDNA mutations increase. Insuffi cient cellular energy (secondary to a decline in mitochondrial function) can disrupt cellular activity and inhibit adaptation to physiological stress. The damage to respiratory enzymes that occurs with age reduces the synthesis of ATP and increases the production of ROS. Human mtDNA is easily oxidized and is susceptible to mutations under the action of high concentrations of ROS. In this sense, a traditional approach to delay aging may be a diet high in antioxidants. 33 A role in the elimination of the ROS in mitochondrial matrix is played by tocopherols, ascorbate and other low molecular antioxidants directly interacting with the mitochondria. Vitamin E, for instance, reduces accumulation of lipofuscin.
Many researchers have been associating lately aging with the declined function of the pineal gland. Melatonin, the major hormone of the pineal gland, is widely used as a therapeutic tool for treating sleep disorders, aging retardation, Alzheimer's disease, septic shock and other pathological disorders that occur with ischemia or reperfusion. In these pathological conditions we observe disruption of the apoptotic programme (enhanced apoptosis). Mitochondria, which are implicated in the intrinsic pathway of apoptosis, are considered to be a target for melatonin actions. Melatonin scavenges the reactive oxygen and nitrogen species that mitochondria generate and limits the loss of the intramitochondrial glutathione. Thus it lowers the mitochondrial protein damage, reduces the mtDNA damage, inhibits the mitochondrial transition pore opening and the triggering of the apoptotic cascade. 34 Melatonin is twice more effi cient an antioxidant than vitamins C and E are and three times as reactive as glutathione.
Although much is known about where exactly the superoxide radical is generated in the respiratory chain and what its role in generating other ROS in mitochondria is, there is yet no consensus as to what the mechanism of its formation is and how it is regulated. A great deal of research has been done on the effects of ROS on the cell, yet it is still unclear what the mechanism is by which the superoxide radical induces illness or aging. The studies on the interaction of superoxide radical with mitochondrial uncoupling proteins are still in their early phase. No doubt mitochondrial UCPs are an effective means of eliminating the excess production of ROS in mitochondria and of preventing severe oxidative damage that causes diseases and aging. It is suggested that mitochondrial dysfunctions are directly correlated with aging and aging-related diseases and therefore an early diagnosis, prophylaxis and appropriate treatment of these disorders could prevent, delay or even modify the development of diseases associated with aging.
The optimistic theory of aging implies the existence of an aging program, and consequently -a program to extend human lifespan. But even if a program for extending life expectancy exists, what remains still a challenge is for it to be activated. A possible mechanism through which this can be done is the restriction of calories in the diet -the calorie restriction (CR) which is described as a reduction of caloric intake, averaging about 20-40% of ad libitum consumption, while maintaining an adequate intake of nutrients. 35 It is known that a high-glucose or high-lipid diet can induce oxidative stress and increase infl ammation markers even in individuals with normal body weight. Postprandial hyperglycemia and hyperlipidemia also induce ROS generation and increase the anti-infl ammatory markers. High-calorie diet can cause intensifi cation of electron transport in mitochondria and increased non-enzymatic formation of glycated and nitrated proteins. 36 Recently the so-called evolutionary diet (known also as Paleolithic diet) has gained particular popularity: it may include long periods of fasting, calorie restriction, low carbohydrate diet and practically the principles of the food combining diet. Moreover, the «paleo» diet is suggested as the health alternative to modern diseases. The philosophical rationale of this diet is the assumption that modern society offers and consumes too much food which our metabolic system must handle in quantities and confi gurations it has not been able to adapt to in evolutionary terms. Biochemically, the metabolism in conditions of carbohydrate defi ciency is similar to that in fasting, i.e. in calorie restriction. Calorie restriction allows one to eat simultaneously foods primarily with low glycemic load and low glycemic content, coupled with a high intake of fi bers, vitamins and minerals in natural form. The metabolism in calorie restriction is characterized by activated gluconeogenesis at the expense of glycerol derived from the degradation of lipids and amino acids derived from the breakdown of proteins, and oxaloacetate which is leaving the citric acid cycle (Krebs cycle). The limited activity of the citric acid cycle is compensated by enhanced ketogenesis to meet the needs of the peripheral tissues. Calorie restriction (including also dietary restriction) has been demonstrated to extend life expectancy of different biological species ranging from yeast to mammals 37 although this theory has its opponents 38 .
Calorie restriction is the only non-genetic means of modifying life expectancy. 39 It has an agingretarding effect -it reduces the production of ROS by triggering a protection program that makes cells resistant to a variety of aging-causing stressors. Autophagy is an essential part of the adaptation to starvation; it is at the core of the anti-aging mechanism of calorie restriction. 40 It is believed that drug-induced enhancement of autophagy may be one of the approaches to extend lifespan and a therapy to deal with the aging related disorders, including the neurodegenerative ones. The suggestion that calorie restriction can extend lifespan of humans was fi rst made by Luigi Cornaro in 14 th century who followed a very strict rule of consuming "as little as possible". A metasearch in the Internet using «restriction», «eating», «calorie» as key words yielded more than 10000 hits -studies on this topic published between 1980 and 2011 and this can bear witness for the immense interest and expectations people have in this respect. 41 Reduction of oxidative stress is one of the main effects that is achieved as a result of calorie restriction. Unfortunately, most of the available data in the relevant literature are based predominantly on experiments with animals; there have been very few experiments with people. It has been found that calorie restriction reduces age dependent oxidation of proteins in brain cells thus protecting them from oxidative damage. 20 A way to control the production of ROS is to create a favourable redox balance for cells where mitochondria play a special role. Mitochondria isolated from adults undergoing calorie restriction show reduced membrane potential by around 30%. 42 Calorie restriction has been found to affect the redox balance -it lowers the rate of generating ROS, increases the rate with which ROS are scavenged, and triggers processes of elimination and repair of the oxidized molecules. In addition to reducing the output of ROS, the cell membranes are modifi ed so that they are less susceptible to damage. CR modulates also the antioxidant protection which is more effective in eliminating the generated radicals. The endogenous antioxidant protection is reduced by 20-30% in aging. CR has a benefi cial effect increasing by 30% the protective action of the liver antioxidant defence system (catalase, SOD, reduced glutathione). CR increases substantially the GSH/SSSG ratio in kidneys but no signifi cant changes were observed for superoxide dismutase and glutathione reductase. This supports the idea that there should be different strategy to achieve oxidative damage reduction for the different tissues. 43 One of the important strategies for protection from oxidative stress is to increase the capacity to repair the injury or hasten the degradation of damaged macromolecules. Calorie restriction reduces DNA damage, and promotes genomic stability by increasing DNA repair capacity and, particularly, by inducing the system for base repair excision (BER). CR completely reverses the age-related decline in BER capacity in the brain, the liver, testes and spleen. In this way aged animals with CR regimen can show the BER phenotype of young animals. 44 CR stimulates the mitochondrial biogenesis and triggers complex signalling pathways that are modulated by nutrients and induce the transcription of antioxidant genes (catalase, SOD, glutathione peroxidase). There are several key molecules with signalling functions such as AMP-kinase, sirtuins, insulin-like growth factor (IGF-1), etc., that play a role in mediating the CR effect.
IGF-1 is a hormone structurally homologous to insulin. It has an anabolic function and its effects are evolutionary conserved from worms to humans. The fi rst pathway shown to be involved in CR-mediated longevity regulation was the IGF-1 signalling pathway. CR inhibits this pathway which leads to activation of antioxidant genes. 7 Sirtuins (SIRT 1-7) are a family of NAD + -dependent protein deacetylases which are implicated in the energy metabolism, cell survival and longevity by being able to regulate the activity regulation of many proteins. It has been suggested that SIRT3 promotes the urea cycle and fatty acid oxidation 45 and enhances the mitochondrial glutathione antioxidant defence system in response to calorie restriction 46 .
SIRT3 has been demonstrated to reduce oxidative stress and prevent age-related hearing loss under calorie restriction. SIRT2 is believed to play an important role in modulating oxidative stress and inhibiting cell proliferation. The primary cause of aging is considered to be the cumulative effects of cell loss throughout the life of humans. CR retards aging by inducing the expression of SIRT1 deacetylase which deacetylates the DNA repair factor Ku70 making it sequester the proapoptotic factor Bax away from mitochondria. This inhibits the stress-induced apoptotic cell death. 47 Sirtuin deacetylases are promising potential target for antiaging drugs, the most active among these being the plant polyphenols quercetin, resveratrol, butain, etc. These polyphenols are important protectors against ROS and positively infl uence cell responses to stress and longevity. In experiments with overweight mice they were demonstrated to increase the number of mitochondria and enhance their activity. Recently, researchers have been trying to fi nd new sirtuin activators that are up to 1000 times more effective than resveratrol. 48 
CONCLUSIONS
Aging, apparently, is a multifactorial process that is determined by environmental factors and lifestyle, and by the genetic predisposition of an individual. Oxidative stress plays a major role in the agingrelated disorders and in the aging per se. It is therefore believed that aging can be prevented or infl uenced either by diet or drugs. This allows to search for a way of "reprogramming" the cell that may retard its aging, and also to propose a strategy based on diet and lifestyle that shall delay the aging of man. The correlation between oxidative stress and aging is clearly mediated by the environment, while a major mechanism through which metabolism and longevity can be modifi ed is the old «new» dietary regimen of calorie restriction.
